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We present the field and temperature behavior of the
narrow Electron Spin Resonance (ESR) response in
YbRh2Si2 well below the single ion Kondo temperature.
The ESR g- factor reflects a Kondo-like field and temper-
ature evolution of the Yb3+ magnetism. Measurements
towards low temperatures (> 0.6K) have shown
distinct crossover anomalies of the ESR parameters upon
approaching the regime of a well defined heavy Fermi
liquid. Comparison with the field dependence of specific
heat and electrical resistivity reveal that the ESR parame-
ters can be related to quasiparticle mass and cross section
and, hence, contain inherent heavy electron properties.
Copyright line will be provided by the publisher
1 Introduction The heavy fermion metal YbRh2Si2
has proven to display a variety of unusual low tempera-
ture electronic properties which are related to the inter-
play between the Kondo interaction of Yb3+ 4f spin /
conduction electron spin and the indirect magnetic RKKY
interaction of the 4f spins. It is located very close to a
magnetic instability where a weak antiferromagnetic long
range order below 70 mK is suppressed by a magnetic
field of Bc = 60 mT. In the vicinity of such a magnetic
field induced quantum critical point and at low tempera-
ture (T ) pronounced non-Fermi liquid behavior is observed
as evidenced by a divergence of the electronic specic heat
and electrical resistivity ρ ∝ T . At higher fields elec-
tronic specific heat C, magnetic susceptibility, and ρ show
Landau-Fermi liquid (LFL) behavior with a renormalized
electronic mass and quasiparticle scattering [1]. YbRh2Si2
is one of a few Kondo lattice compounds where a well-
defined Electron Spin Resonance (ESR) signal allows to
directly characterize the spin dynamics of the Kondo ion.
Even well below a thermodynamically defined single ion
Kondo temperature (TK ' 20 K) this signal shows prop-
erties typical for localized 4f moments[2,3]. It has been
shown that the presence of strong ferromagnetic correla-
tions between the 4f -spins enables an ESR signal narrow
enough to be observed [4]. Here we investigate the proper-
ties of this signal at low temperatures and as a function of
low fields, below and above Bc.
2 Experiment We present results of ESR measure-
ments with standard continuous wave techniques at four
microwave frequencies (ν = 1.1, 9.4, 34, 56 GHz) which
according to the resonance condition hν = gµBBres corre-
spond to the resonance fieldsBres = 0.02, 0.19, 0.68, 1.1 T
providing the field dependence of the ESR parame-
ters. The sample was cooled by a 4He flow cryostat
(T > 3 K), a 4He bath cryostat (4 > T > 1.5 K), and
a 3He bath cryostat (2 > T > 0.6 K) [5]. As was shown
previously [6] samples with different resistivity ratios
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Figure 1 Low temperature behavior of the Q-band (34 GHz) ESR parameters linewidth (∆B) and g factor (dashed lines:
g ∝ lnT ). T ∗ indicates the temperature of the crossover into a heavy Landau Fermi Liquid state, see the B − T phase-
diagram in [1]. Lower right panel shows ESR spectra (P : absorbed microwave power) at indicated temperatures fitted by
Lorentzian lineshapes (solid lines).
(RR ≡ ρ(300K)/ρ(1.8K)) show differences in their ESR
response and, therefore, we used the same single crystal of
YbRh2Si2 with RR=20. We ensured a proper crystal align-
ment (external field H within tetragonal a,b-plane; H ⊥ c)
by minimizing the highly anisotropic resonance field. All
spectra could be nicely fitted with a single Lorentzian line
(containing dispersive contributions due to a finite pene-
tration depth [7]) as shown in the inserted frame of Fig.1.
3 Results The transport and magnetic properties of
YbRh2Si2 are considerably affected below TK by external
magnetic fields up to 10 T [1], reflecting the strong inter-
action of the conduction electron spins with the Yb3+ 4f
electrons which determine the magnetism with pronounced
local properties [8]. Below a characteristic temperature T ∗
the Sommerfeld coefficient of the specific heat and the
magnetic susceptibility approach Landau Fermi liquid be-
havior. Fig. 1 displays the behavior of the ESR response
above and below T ∗: Above T ∗ the ESR g-factor logarith-
mically increases, reflecting the Kondo interaction between
4f and conduction electrons [2] (see below for the other
Kondo-like features of g). As shown by the dashed lines in
Fig. 2b the linewidth shows a Korringa-like increase linear
in temperature followed by an exponential increase due
to spin-phonon interaction caused by crystal field modu-
lations via lattice vibrations [6]. When crossing T ∗ from
above the slope of the logarithmic g-factor decreases and
the linewidth shows a step-like decrease. Similar, but less
pronounced behavior has also been found for higher fre-
quencies (i.e. higher magnetic fields) [9].
The temperature behavior of both g factor and linewidth
strongly depend on the magnetic field. Fig.2 shows this
dependence that we measured by using four microwave
excitation frequencies corresponding to four resonance
magnetic fields. The ESR g factor offers a characteristic
Kondo-like behavior, namely a weakening of the logarith-
mic temperature dependence when the magnetic field is
increased, further confirming the finding of Ref. [9] with
two additional frequencies 1.1GHz and 56 GHz, respec-
tively. At all investigated fields and for T . 10 K the
linewidth shows a linear T dependence, ∆B = a + b · T .
The anomaly at T ∗ (arrow) is found for the 34 GHz / 0.68
T data only. This is because the data at 0.02 T and 0.19 T
are taken at T > T ∗ and at 1.1 T the data accuracy is
insufficient to resolve the anomaly at T ∗. At low fields the
slope b varies slightly but not monotonous with field, see
Fig.2c. Note in particular the slope of the 0.68 T data which
is smaller than the slope of the 0.19 T data. The residual
linewidth a and, to a lesser extend, the slope b roughly vary
with B2 as indicated by the dashed line. Although a ∝ B2
points towards an inhomogeneous broadening such behav-
ior would also be consistent with a bottleneck relaxation
of the coupled Yb3+- conduction electron resonant col-
lective mode as was identified from ESR investigations of
Lu-doped YbRh2Si2 [10].
4 Discussion The ESR of YbRh2Si2 clearly reflects
the local magnetic properties of the Kondo ion Yb3+ and
should contain valuable information on the Kondo in-
teraction between 4f spins and conduction electrons. A
suppression of the Kondo effect by magnetic field and tem-
perature should therefore be visible in the ESR linewidth
and in the g-factor. This, indeed, is qualitatively seen in
Figs.2(a) and 2(b) and was reported for high field values
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Figure 2 Temperature dependence of (a) the ESR g factor (lines: g ∝ ln(T )) and (b) the linewidth ∆B (dashed lines see
main text). Data in (a) and (b) are depicted for various microwave frequencies corresponding to resonance fields measured
at T = 5 K. Vertical arrows indicate T ∗, compare Fig.1. Frame (c) displays a, b of ∆B = a+ b · T (linear part of lines in
(b), data for µ0H > 1.8 T from [9]). Dashed line indicates a ∝ B2.
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Figure 3 Field dependence of (a) the ESR g factor temperature variation, δg = g(2K) − g(20K) (data for µ0H >
1.8 T from [9]), and (b) the effective relaxation time τeff(1.8K) = Bres/(ν∆B) (with τeff(0.086T) obtained from linear
extapolation of∆B in [10]). Data are compared with the specific heat Sommerfeld coefficient γ0 [11] and the quasiparticle
scattering cross section A [12], respectively.
in Ref.[9]. We quantitatively captured the g-factor behav-
ior of Fig.2a by plotting the difference of the g factor at
low and high temperatures, δg = g(2K) − g(20K). This
is shown in Fig.3a and confirms the close relation to the
Sommerfeld coefficient γ0 which is a measure ofm∗. Note
the further increasing δg at fields below the critical field
Bc = 60 mT, i.e. in a region with a long range, but weak
antiferromagnetic ordering which has the signatures of a
heavy LFL state according to ρ(T,B) and C(T,B) with
γ0 ' 1.7 JK−2mol−1.
Assuming that the observed resonance may be described
by a heavy electron spin resonance a semiphenomenolog-
ical Fermi-liquid description could explain the linewidth
narrowing provided by hybridization, i.e. the linewidth
∆B should contain a factor m/m∗ (where m is the
free electron mass and m∗ is the effective quasiparti-
cle mass) [13]. Hence, the effective spin relaxation time
τeff = Bres/(ν∆B) should be proportional m∗. Indeed,
as shown in Fig.3b, τeff at T = 1.8 K increases with de-
creasing field, similar to the behavior of γ0 ∝ m∗ and in
agreement with the assertion of a Fermi liquid description
[13]. However, this trend does not to seem to be continued
for fields below the critical field Bc = 60 mT. On the other
hand such behavior is reminiscent to the magnetic field
dependence of the quasiparticle scattering cross section A
that diverges at Bc from both sides [12] and that is propor-
tional tom∗2. As shown in Fig.3b a comparison of τeff with√
A again suggests τeff ∝ m∗. Such proportionality shows
that the relaxation between Yb3+ spins and heavy conduc-
tion electrons does not determine the linewidth because
then an increasing m∗ would suppress τeff by a Korringa
mechanism. This indicates a bottleneck relaxation of a
strongly coupled Yb3+- conduction electron resonant col-
lective mode as supported by other experimental results
[6,10]. The realisation of such a collective spin mode in
the presence of a strong magnetic anisotropy and Kondo
interactions will be described in a forthcoming paper.
5 Conclusion Our low-temperature ESR measure-
ments at 34 GHz (0.68 T) of the Kondo lattice compound
YbRh2Si2 confirmed a continuos decrease of the linewidth
for temperatures upon cooling down to 0.6 K. Both g-factor
and linewidth display a crossover behavior for the same
temperatures where thermodynamic and static magnetic
Copyright line will be provided by the publisher
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properties indicate a crossover to LFL behavior. Compared
to ESR results at higher fields [9] the crossover of the
ESR parameters at 0.68 T appears more pronounced and
in a much narrower temperature range. We confirmed the
Kondo-like behavior of the field/temperature dependence
of the ESR g factor for fields down to 20 mT, i.e. smaller
than the critical field Bc = 60 mT. The field dependence
of the low-temperature linewidth agrees with the behavior
of the quasiparticle cross section.
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